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Introduction
Gastric cancer is the 4th most common cancer and the 2nd leading cause of cancer-related deaths worldwide after lung cancer. Despite a steady decline in the incidence rate over the last few decades, the absolute incidence has risen due to the aging of the worldwide population. The incidence of gastric cancer is particularly common in eastern Asia [1] .
Chronic inflammation (especially chronic Helicobacter Pylori infection), exposure to diverse carcinogens, and genetic susceptibility are among factors associated with an increased risk of gastric cancer.
Adenocarcinoma is the most frequent histological subtype of gastric cancer, representing about 95% of cases, and the other subtypes comprise lymphomas, tumors of stromal origin and other more rare subtypes as neuroendocrine tumors.
Patients' survival is related to the tumor invasion depth and lymph node involvement. Five-year survival for patients with advanced tumors ranges between 7% and 27%, while five-year survival for patients with early-stage tumors achieves 85% -100% [2] . Some early-stage tumors (T1) may be endoscopically (mucosectomy) or laparoscopically resected. On the other hand, some protocols indicate neoadjuvant chemotherapy and/or radiotherapy in cases of advanced gastric cancer [3] .
Thus, the definition of an appropriate therapy depends on an accurate preoperative staging and may increase the cure rates and improve the patients' quality of life.
The TNM (tumor-node metastasis) staging system is one of the most commonly used staging systems, and is currently at its seventh edition [4] [5] .
Preoperative staging is frequently performed with abdominal ultrasonography, computed tomography and endoscopic ultrasonography [6] . Until recently, endoscopic radiography was regarded as the best method of preoperative staging to determine the degree of tumor invasion (category T) [7] .
The most recent international consensus corroborated the necessity of preoperative TNM staging and pointed out multidetector-row computed tomography as the best staging method [8] [9] , which has demonstrated similar or superior accuracy as compared with endoscopic ultrasonography for T-staging and a Multidetector-row computed tomography, particularly those apparatuses with 16 or more channels, offers rapid acquisition of submillimetric sections, isotropic multiplanar reconstruction and postprocessing options such as virtual endoscopy, which increases the method accuracy in the local staging [10] . Additionally, computed tomography can evaluate lymph nodes and other organs [11] .
Some studies have reported that MDCT with MPR images increases the accuracy of T staging in patients with gastric cancer. Thus, MDCT with MPR images is used as a routine protocol for gastric cancer staging.
Aim of the Work
The aim of this work is to evaluate the role of multidetector computed tomography in the preoperative investigation of tumor invasion depth, lymph node and metastatic involvement according to the TNM classification, in patients with gastric adenocarcinoma.
Patients and Methods
The study was conducted in the Radiology Department of Assuit University
Hospital using 64-MDCT (Toshiba Aquilion) during a 12-month period from June 2016 to June 2017.
Inclusion criteria:
Patients who had histologically proven adenocarcinoma of the stomach based upon an upper gastrointestinal endoscopic biopsy.
Exclusion criteria:
Patients who have an allergy to the IV contrast media and patients with renal impairment may both are excluded from the study.
Patients were recruited from the outpatient clinic and inpatient ward of the surgical oncology department at South Egypt Center Institute and surgery department at Assiut University Hospital and were included in the image analysis of this prospective study (11 women, and 9 men; mean age, 51 years; age range,
-71 years).
Among the 20 patients, the majority of them presented with persistent vomiting and weight loss (9 patients), followed by epigastric pain (5 patients), then gastric outlet obstruction (5patients), and hematemesis (1 patient)
The routine workup of these cases includes:
1) Full history taking.
2) Upper GIT endoscopy and biopsy of suspicious lesion(s).
3) Histopathological evaluation of the biopsy. MPR for staging of the gastric carcinoma.
• In our 20 patients using water or gas as oral contrast. Water was used for gastric distention for 18 patients (10 women and 8 men). In 2 patients, both gas and water was used for gastric distention (1 man and 1 woman).
• Imaging analysis and radiological staging were correlated with surgical findings and postoperative pathological staging of the resected tumour in all patients.
Ethical considerations:
The study was approved by the institutional Ethical Review Board. The nature of the study was adequately explained to the patients, and an informed consent was obtained from all the patients before participating in this study. 3) Oral contrast:
200 ml mannitol (10% concentration) was added to 1000 to 1500 mL water and given at a steady rate (approximately 150 ml every 5 minutes) over a period of 45 minutes before the scan. The patient is then transferred to the scanner table, drinking the last cup on the table. The abdomen was scanned in the supine position. In 2 patients gas also was used to distend the stomach. Effervescent granules (Fawar fruit, effervescent salt, 10 g) with a minimum amount of water (<10 mL) was orally administered to obtain gastric distention with the patient already on the CT table just before scanning.
4) IV contrast:
Non-ionic contrast material (Omnipaque 350, 100 mL) was administered intravenously with a power injector at rate of 3 mL/sec. For acquisition of the arterial phase, CT scanning was started 30 seconds after intravenous injection of the contrast medium. The second sequence was started after 70 seconds for the portal phase.
Imaging Analysis:
Imaging analysis consisted primarily of a review of the axial scans. Then MPR images were evaluated to confirm the abnormality. The depth of tumor invasion 
Results
Our study includes 55% females, and 45% males, with mean age and slandered deviation of 51.30 and 12.22 respectively. The most frequent clinical presentation was persistent vomiting and weight loss, encountered in 9 patients (45%)
followed by dyspepsia and epigastric pain in 5 patients (25%) gastric outlet obstruction is detected in 5 patients while one patient only was presented with hematemesis and anemia (Table 1) .
Using endoscopic findings as a reference, MDCT could accurately localize the tumor in all patients who underwent surgery (the valid detection rate was 100%). Both site and shape of the gastric lesion are described in Table 2 . According to our study results (Table 3) , the sensitivity of determining T1 stage on CT scan can't be detected as there was only 1 case pathologically proved T1 and overstaged as T2 by MSCT, however, accuracy and specificity are quite high, they were 95% and 100% respectively For T2 stage tumors (25.0% of cases), accuracy is 95%, sensitivity 100%, and specificity 93.7%. The accuracy and sensitivity of T3 staging were 75% and 100%, while that of T4 stage were 75% and 44.4% respectively. So as shown in (Table 4 ) the correct Tstaging rate reach 70%, the under staging rate 25%, while the over staging rate is 5.0%. As regards N staging (Table 5 & Table 6 ) we found that the sensitivity of MSCT was 33.33% in N0 staging, 66% in N1, and 0% in N2 staging (as no cases staged as N2); and 0% also in N3 (4 patients staged pathologically as N3, 3 of them staged as N1 and 1 as N2). As regards M staging Table 7 shows that 8 of 20 patients (40.0%) had distant metastasis.
From the 8 patients with distant metastasis, MDCT detected 5 of them as follow (hepatic metastasis in 1 patient, Pancreatin, colonic, and diaphragmatic metastasis The results regarding M staging sensitivity of M0 and accuracy were 100% and 85% respectively. The results regarding M1 was (62.5%) for sensitivity and (85%)
for accuracy (Table 7 and Figures 1-3 ).
Discussion
Gastric cancer is still the second most common cause of cancer-related death in the world [12] . The role of MDCT is to differentiate between benign and malignant gastric neoplasm and determine the stage and gastric spread of gastric carcinoma, which is vital in choosing between palliative or radical surgical treatment. In addition, MDCT is used to monitor response to treatment. Furthermore, it has been shown to be a very important prognostic factor in patients with gastric cancer by evaluation and estimation of tumor invasion depth after MPR [13] .
In the current study, statistical analysis, correlation, and comparison of MSCT findings with that of histopathological results were performed for the 20 patients included in our study. We found female patients were more affected (11/20) (55.0%) in comparison with male patients (9/20) (45.0%). This is not in agreement with that the findings of Macdonald et al. [13] , who found that cancer of the stomach affects the male population more commonly compared with the Figure 1 . A 50-year-old male presented with persistent vomiting for 1 month. Upper GIT endoscopy: Ulcerative mass on lesser curvature grows toward the pylorus Localized mural thickening (arrow) of gastric antral region more appreciated at the anterior wall with slightly fungating mural growth encroaching upon the pyloric region with no definite complete obstruction with clear surrounding fat planes in axial (A), coronal (B) planes., paraaortic lymph nodes detected (C): staged as T3 N1 M1 while Postoperative pathological staging was T4a N3M1.
female population. They attributed this to the fact that men are more frequently exposed to the risk factors of gastric cancer.
H. M. K. Emam et al.
DOI: 10.4236/jct.2019.107046 Figure 2 . A 50-year-old female presented with gastric outlet obstruction. MSCT revealed gastric body mass (4.5 × 1.5 cm), encroaching upon the gastric lumen and cause complete obstruction, the mass infiltrating the surrounding fat planes around it (arrow) planes in axial (A), coronal (B) planes, 3 perigastric lymph nodes detected (C), no distant metastasis, staged as: T4a N2 M0 while Post-operative pathological staging was T4a N3M0.
Most of the patients had complaints at the time of diagnosis in the study of Allum et al. [14] , who found that dyspepsia, dysphagia, weight loss, and anemia were the most common clinical presentations. This coincides with the findings Journal of Cancer Therapy of our study, in which the most frequent clinical presentation was persistent vomiting and weight loss, encountered in 9 patients (45%) followed by dyspepsia and epigastric pain in 5 patients (25%), gastric outlet obstruction is detected in 5 patients while one patient only was presented with heamatemesis and anemia.
MSCT findings of gastric cancer according to Perez & Brady [15] included focal, nodular, or an irregular thickening of the gastric wall, polypoid soft tissue density, intramural mass, and diffuse mural thickening with narrowing of the lumen. This is in agreement with the findings of our study, in which, of the 20 patients We found that; 10 patients (50%) with, focal mural thickening, 5 patients (25.0%) with polypoidal soft tissue thickening, 4 patients (20.0%) with gastric intramural mass and one case (5%) with diffuse mural thickening.
In MSCT study, the assessment of gastric wall thickness is an integral part. It was found to vary between 3 and 7 mm. The mucosa of the stomach enhances with intravenous contrast and the stomach layers are best appreciated in the ar- [16] . Focal thickening of 6 mm or greater in a fully distended stomach and/or focal abnormal enhancement of the gastric wall was considered diagnostic of gastric carcinoma [17] .
In our study, gastric tumor enhancement was detected in patients in the arterial phase (14/20) (5 patients with heterogenous and 9 with homogenous enhancement).
On MSCT, the depth of tumor invasion was classified as follows: T0, no evidence of alteration of the gastric wall with a normal fat plane; T1, invasion to mucosa or submucosa [17] ; T2, invasion to muscularispropria [18] ; T3, invasion tosubserosa [19] ; and T4, invasion to serosa & adjacent organs or structures [20] .
In the current study, the sensitivity of MSCT in depiction and staging of gastric malignant tumors was recorded in comparison and correlation with histopathological results as gold standard. According to our study results, the sensitivity of determining T1 stage on CT scan cannot be detected as there was only 1 case pathologically proved T1 and overstaged as T2 by MSCT, however, accuracy and specificity are quite high, they were 95% and 100% respectively. This result is in agreement with D'Elia F et al. [21] , which reported that the low staging sensitivity of CT is caused mainly by overstaging (stage T1 tumor as stage T2). They explained that the main causes of overstaging are due to the difficulty in observing the multilayered pattern of the gastric wall especially in the areas where the gastric wall is thinner (prepyloric) and the partial volume averaging effects in the areas scanned obliquely (gastric angle).
However, the sample of T1 group is very small (only 5% of tumors were at stage T1), so the results should be interpreted with caution.
For T2 stage tumors (25.0% of cases), accuracy is 95%, sensitivity-100%, and specificity-93.7%. This is like the results of Kristina et al. [22] , which reported that when water is used as a contrast, the results of T2 staging was, accuracy 83.8, sensitivity 100% and specificity 82.9% respectively. According to our results the accuracy and sensitivity of T3 staging are 75%
and 100%, while that of T4 stage were 75 and 44.4 respectively. This in agreement of the results of previous reports [25] , recorded that the overall accuracy of CT in preoperative T staging of gastric cancer ranges from 69% to 85%.
Regional lymph node where considered to be involved when the shorter axis [26] .
In N staging of gastric cancer, the accuracy of previous reports was ranged between 51% and 76% [19] . Our results using MDCT have shown similar results for N0 (62.5%), N2 (87.5%) and N3 (75%), while N1 accuracy recorded 37.5% not in agreement with previous reports. In our current study we found that the sensitivity of MSCT was 33.33% in N0 staging, 66% in N1, and 0% in N2 staging (as no cases staged as N2); and 0% also in N3 (4 patients staged pathologically as N3, 3 of them staged as N1 and 1 as N2). According to the previous studies, the wide ranges of sensitivity (48% to 91%) demonstrate the problem of CT in nodal staging [27] . CT has significant inherent limitations in the nodal staging of gastric cancer because of the high frequency of microscopic nodal invasion (involvement of normal-size nodes) and the poor differentiation between reactive or inflammatory and metastatic nodal enlargement.
Most common distant metastases of gastric cancer are in the liver. Less common are in lungs, suprarenal glands, kidneys, bones, brain and digestive system. In case of disseminated gastric cancer, you can see peritoneal metastases that correlate with cancer size and T stage.
It is important to diagnose carcinomatosis before the surgery. CT scan carcinomatosis signs are: ascites, great omentum nodes, thickening and nodes of small intestine walls, intraperitoneal infiltration of fatty tissue, contrast enhancement. Ascites is the predisposing factor of peritoneal metastases. Chang et al. measured the ascites volume on CT scans and found that ≥50 mL of ascites means carcinomatosis in 75% -100% of patients [28] .
According to Barros et al. [29] sensitivity of M0 is (93 -100)%, and accuracy is (90%), our results was similar 100% and 85% respectively. The results regarding M1 was (62.5%) for sensitivity and (85%) for accuracy compared with (72% -83%) sensitivity and 90% accuracy in Barros et al. [29] results. Currently, the limitation of computed tomography in M1 staging and low M1 sensitivity is related to the limitation in detection of secondary peritoneal involvement [30] . In the present study, three cases were classified as M0 at the preoperative evaluation, but peritoneal metastatic implants were intraoperative found and were later histopathologically confirmed. After retrospective analysis, one of these cases presented a small amount of ascites in the posterior cul de sac, but the presence of peritoneal implant could not be tomographically detected in any of the cases.
Conclusion
Multidetector CT with MPR is very essential nowadays in estimation of gastric 
